Global warming imperils human survival and development, and carbon emissions from human activities are the main cause of global warming [1] . As the world's largest developing country and a fast-growing economy, China leads the globe in carbon emissions, and its government has promised to cut carbon emission intensity to 40% to 45% of 2005 levels by 2020. Toward this end, it formulated a low-carbon development plan in which low-carbon pilot projects are a key element. Without constraints provided by specialised policy, local governments might ignore the carbon emissions issues to pursue economic growth. Considering this, low-carbon pilot projects are important tools to reduce carbon emissions attendant to economic development.
et al. [5] , and Yavuz [6] uncovered an inverted U-shaped relationship between economic development and carbon discharge. Lau et al. [7] observed the EKC for Malaysia as did Shahbaz et al. [8] for Tunisia. However, Galeotti et al. [9] , Yang et al. [10] , and Jayanthakumaran et al. [11] found no evidence for the EKC in some countries. Their findings are consistent with Fodha and Zaghdoud [12] and Haghnejad and Dehnavi [13] . In short, there is controversy concerning the existence of the EKC. Furthermore, Wang et al. [14] noted a linear relationship in panel data for China between economic development and carbon discharges. Similar conditions appear in Tunisia [12] and Turkey [15] .
Scholars have sought to discern causal relationsships between economic development and carbon discharges via the granger causality and cointegration tests. Wu et al. [16] found only a one-way positive correlation from carbon emissions to economic growth in China. Using Chinese provincial data spanning 1995-2009, Du et al. [17] found that economic development is a key factor impacting carbon emissions. Feng et al. [18] found that rising affluence significantly contributes to carbon emissions. In their study of Beijing, Wang et al. [19] noted that economic development, urbanisation, and industrial structure positively influence carbon emissions, with urbanisation being the most influencing factor. Wang et al. [20] found that per capita GDP, urbanisation, population, service level, and industrialisation may increase carbon emissions. Overall, most results show that economic development causes carbon emissions but does not always follow from increases in emissions. Cointegration tests demonstrate a more stable co-integration relationship between economic development and carbon emissions.
The IPAT model is most commonly used to assess the effects of economic development on carbon emissions. It regards environmental impact (I) as the product of population (P), affluence (A), and technology (T). The stochastic impacts by regression on population, affluence and technology model (STIRPAT) is derived from the IPAT model. Employing the STIRPAT model, Wang et al. [20] found that GDP growth can increase emissions in China's Guangdong Province, with population exerting the most significant effect. On the basis of these Chinese provincial data spanning 1995-2010, Zhang and Lin [21] used STIRPAT to show how urbanisation affects carbon emissions and found that economic growth drives emissions. Acaravci and Ozturk [22] reached similar conclusions for some European countries, as did Rafindad [23] for Nigeria, and Shahbaz et al. [24] and Alkhathlan and Javid [25] for Saudi Arabia. Furthermore, numerous scholars have analysed how population, per capita wealth, technological progress, industrial structure, international trade, and urbanisation affect carbon emissions [26] [27] [28] [29] [30] . Most studies show that carbon emissions relate closely to economic growth, industrial structure, technological progress, and consumption patterns [19, [31] [32] . The effects of industrial structure are especially prominent [33] [34] .
In addition, many researchers have developed simulations to predict changes in carbon emissions through economic growth. Liang et al. [35] adopted an input-output model to perform scenario analysis for China's carbon emissions in 2020. Using a dynamic computable general equilibrium model, Jiang and Du [36] defined three scenarios to forecast China's energy demand in 2030 and predicted that China will confront serious carbon emissions. Golley and Meng [37] demonstrated that high income levels engender more carbon emissions. Most national results show that carbon emissions differ in urban and rural areas, with cities as their main source [38] [39] .
The impact of environmental regulations on carbon emissions has attracted extensive attention. Applying Chinese company data for 2007-12, Zhao and Sun [40] found that environmental regulations encourage pollutionreducing innovation. Furthermore, Huang and Gao [41] found that environmental regulation is conducive to reducing carbon emissions among Chinese provinces. Employing panel data covering 2000-11 for Chinese provinces, Zhang and Wei [42] uncovered an inverted U-shaped relationship between environmental regulations and carbon emissions, a conclusion confirmed by Huang and Gao [43] . However, Zhang et al. [44] determined that environmental regulations did not promote emissionsreducing technological innovation in China. In summary, regulations present merits and defects [45] [46] [47] , and environmental regulations are no exception.
Unfortunately, these previous studies have limitations. First, they concentrate on macro regions and overlook smaller areas. Extensive literature investigates major countries, regional organisations (EU, BRIC countries, East Asia) and individual countries (China, the United States, India), but few studies have examined interior areas within a country even though economic ties to carbon emissions have strong regional characteristics. This inevitably means that conclusions and policy recommendations are not targeted and actionable.
Second, previous studies seldom investigate areas that have implemented policies to reduce carbon emissions. They note the influence of factors affecting regional carbon emissions but do not inspect policy effects in areas that have implemented carbon discharge policies.
Third, previous studies mainly seek to predict global or regional carbon emissions but ignore the chronological dynamics of economic development and carbon emissions. They fail to capture the mechanisms by which economic development and carbon emissions evolve.
This study address these limitations of previous research. It studies China's latest low-carbon pilot provinces as test cases in developing a low-carbon economy. It analyses the mechanisms through which economic development affects carbon emissions. In doing so, it assesses China's environmental progress, identifies problems in curtailing carbon emissions, and establishes an empirical reference for the promotion of low-carbon economies throughout China.
Our study makes four contributions to the literature. First, it is the ground-level investigation of China's lowcarbon pilot provinces. Previous studies ignore the effects of specialised policies on microscale areas. Second, it is singular in applying the decoupling theory to inspect economic development and carbon emissions in districts that established low-carbon polices. Moreover, we incorporated policy factors into the STIRPAT model, expanding it to assess the impact of policy on emissions. Third, it identifies mechanisms through which economic development and carbon emissions evolve in areas that have implemented carbon reduction polices. Fourth, we situate low-carbon pilot projects in the context of environmental regulation and evaluate the effects of lowcarbon policies. Although numerous studies examine China's carbon emissions, few track the effects of carbon reduction under the constraints of policies governing pilot projects. Therefore, our findings provide a valuable and operable policy reference for promoting low-carbon pilots in China and elsewhere.
This paper is structured as follows. Section 2 explains material and methods. Section 3 presents the results and the discussion. Section 4 concludes and recommends policies.
Material and Methods

Case Study
To achieve carbon reduction targets, China's government established low-carbon pilot projects in selected provinces in 2010. Provinces most recently designated ( Fig. 1) include Guangdong, Liaoning, and Hainan on the eastern coast, the central region of Hubei province, and the western interior of Shaanxi and Yunnan provinces. According to official documents, low-carbon pilot provinces were determined on the basis of low-carbon development and geographical situation. There are both the eastern developed provinces and inland underdeveloped provinces. All pilot provinces have established peak emissions targets generally to be achieved by 2025 or before. Each province was tasked with proposing mediumand long-term carbon intensity reduction goals (Fig. 1) .
Moreover, the overall initiative requires designated provinces to reduce carbon emissions to targets specified in the regional Twelfth Five-Year Plan. It requires them to plan for low-carbon development, combining industrial restructuring, optimising resource use, saving energy, reducing emissions, and increasing carbon sinks. It calls for establishing a carbon emission constraint index with identified tasks and concrete measures to cut carbon emission intensity and explore a low-carbon development model. Therefore, the initiative opens a window for observing the relationship between economic development and carbon emissions. Hainan. Socioeconomic indicators reveal that pilot provinces differ in stages of development.
Estimating Carbon Emissions
China does not disclose carbon emissions data, so emissions can only be estimated by other methods. China's carbon emissions originate mainly from the consumption of fossil energy, so fossil energy consumption can be used to represent carbon emissions. Considering the availability and calibre of data, we estimate carbon emissions in pilot provinces from the consumption of coal, coke, oil, fuel oil, gasoline, kerosene, diesel oil, and natural gas. Since data from the China Energy Statistical Yearbook are presented as physical volume, we converted the data into quantities of consumed coal using standard coefficients. We estimated carbon emissions using Eq. (1):
…where C denotes carbon emissions, i the type of energy, E i denotes consumption standards from i, and F i (the carbon emission coefficient of I) is from the Intergovernmental Panel on Climate Change's (IPCC) default values for carbon emission estimates ( Table 2 ).
Tapio Decoupling Model
The decoupling theory proposed by the Organization for Economic Co-operation and Development (OECD) includes two indicators of decoupling factors and a decoupling index to analyse relationships between economic development and carbon emissions. The index is partitioned into strong decoupling, weak decoupling, weak negative decoupling, strong negative decoupling, expansionary negative decoupling, expansion of the connection, and recessive decoupling and connection to degradation.
Strong decoupling refers to economic growth and carbon emissions decline -i.e., the decoupling index is less than 0. Weak decoupling refers to increases in economic activity and carbon emissions, but growth in carbon emissions is below economic growth -i.e., the decoupling index is between 0 and 0.8. Weak negative decoupling refers to declines in economic activity and carbon emissions, but carbon emissions declined less than economic slowdown -i.e., the decoupling index is between 0 and 0.8. Strong negative decoupling refers to periods in which economic growth declined, but carbon emissions rose -i.e., the decoupling index is less than 0. The expansion of connection indicates that economic activity and carbon emissions rose geometrically -i.e., the decoupling index is between 0.8 and 1.2. Expansionary negative decoupling refers to carbon emissions growth that exceeds economic growth. In this case, the decoupling index exceeds 1.2. Recession connection refers to economic recession and carbon emissions during periods of negative growth, and the decoupling index is between 0.8 and 1.2. Recession decoupling refers to declines in economic activity and carbon emissions, but the decline in carbon emissions exceeds the decline in economic growth -i.e., the decoupling index exceeds 1.2.
China's economic growth was rapid during our study period, so there was no likelihood of strong negative decoupling, weak negative decoupling, recessive decoupling, or connection to degradation. According to the principles of decoupling theory and characteristics of the decoupling index, the decoupling index formula is expressed as follows: 
…where C t , C p , and C i represent the decoupling index of carbon emissions, per capita carbon emissions, and carbon emission intensity, respectively. C t0 and C t1 represent the starting and ending years of carbon emissions. E 0 and E 1 refer to GDP in the starting year and ending year, respectively. C p0 and C P1 indicate per capita carbon emissions in the starting and ending years, respectively. C i0 and C i1 indicate carbon emission intensity in the starting and ending years, respectively.
STIRPAT Model
The stochastic impacts by regression on population using the IPF model, where I stands for environmental impact, P stands for population size, and F stands for pressure of the population on the environment, reflects the relationship between population and the environment [48] . With per capita wealth and technological progress joined, IPF evolved into the IPAT model, where the means of I and P are those in the IPF model and A and T denote per capita wealth and technological progress [49] [50] . However, the IPAT model takes environmental pressure and its influences as a geometric linear relationship. It does not capture influences from factors affecting the degree of impact on the environment. Therefore, Dietz and Rose proposed the STIRPAT model. Its mathematical expression is:
…where I is environmental influences represented by carbon emissions; a is the coefficient for population size; and b, c, and d stand for corresponding independent variable indexes, respectively. e is the error term. When 
The STIRPAT model can be expanded by adding a parameter such as urbanisation to investigate its impact on environmental pressure or a parameter capturing the square of wealth to verify the Environment Kuznets Curve.
We add the urbanisation rate (U), industrial structure (CY), and wealth of a second party as independent variables into the STIRPAT model. To investigate the effects of China's low-carbon policy, we add the policy variable (ZC). Thus, the model is extended to the following: 
By making partial derivative of the first order to lnA in Eq. (7), we obtain the effects of the elasticity of the coefficient of per capita wealth on carbon emissions. We use this to measure the pressure on the environment caused by rising per capita wealth. The influence of economic development on the environment is further obtained by the following:
…where E i stands for environmental impact; C 1 and C 2 are estimated coefficients of per capita wealth and its quadratic, respectively; and A is per capita wealth.
Data Source and Variable Explained
Our data mainly come from the China Energy Statistical Yearbook and the China Statistical Yearbook from 1996 to 2014. We adjusted the base period of the economic data to 1995 to eliminate price fluctuations. The dependent variable is carbon emissions (10,000 tons). Independent variables include population size, urbanisation rate, per capita wealth, technological progress, industrial structure, and policy factors. Among them, population size (10,000) is provincial population at year-end. Urbanisation rate accounts for the proportion of urban population in the total population. Wealth is represented as per capita GDP (10,000 yuan). Technical progress is denoted by energy intensity. The industrial structure is denoted by the share of secondary industry. The policy is shown in the use of the dummy variable. We set the policy at 0 before the pilot of the low-carbon policy is implemented and then set the policy at 1 after the pilot of the low-carbon policy is implemented. Table 3 is a descriptive analysis of variables. The mean value for population is 46.36 million, with a coefficient of variation of 0.54. The high (minimum) value for urbanisation is 67.76% (13.64%). The highest value for industrial structure is thrice the lowest. Average per capita GDP is 13,471.83 yuan, the coefficient of variation is 0.71, and the maximum value is more than 15 times the minimum. The disparity in energy intensity is significant, with the maximum value being more than nine times the minimum.
Results and Discussion
Trend in Carbon Emissions and Intensity
Applying Eq. (1) and the carbon emission coefficient from Table 1 , we estimated carbon emissions and obtained the carbon emission intensity in the low-carbon pilot provinces during 1985-2013. The results are provided in Fig. 2 .
As Fig. 2a) shows, carbon emissions in China's lowcarbon pilot provinces rose rapidly during 1995-2012. Located in heavily industrialised northeastern China, Liaoning Province emitted the most carbon, followed by coastal Guangdong Province. Its advanced economy consumes copious amounts of energy. Tourism drives the economy of less industrialised Hainan, and it emitted the least number of carbons during the period. Carbon emissions in Yunnan, Shaanxi, and Hubei are notable. These provinces in midwestern China are industrialising and urbanising rapidly, although carbon emissions in Yunnan slowed after 2006. Overall, carbon emissions in all provinces accelerated significantly during 2000-11 and declined consistently after 2012. Fig. 2b ) depicts carbon intensity in the pilot provinces. Liaoning displays the greatest carbon intensity during 1995-2007 but declines rapidly. Shaanxi overtook Liaoning early in 2008. Shaanxi is adjacent to Shanxi Province, where coal is produced. Coal commands a higher proportion of energy consumption, so its carbon intensity is larger, likely because it was in the midst of industrialisation during the period. Hainan's carbon intensity is less but displays a pattern of decrease-increase-decrease with large fluctuations. Guangdong's carbon intensity declines steadily in Fig. 2b , falling from 0.87 tons/CNY 10,000 in 1995 to 0.33 in 2013. Guangdong, one of China's most economically developed provinces, has progressed significantly toward a low-carbon economy. The carbon intensity of Central Hubei is declining continuously. Western Yunnan presents a pattern of decline-increasedecline. Low-carbon economic development took many twists and rebounded during 2001-05. Carbon intensity of all provinces declined rapidly after 2012, illustrating the success of low-carbon policies.
Decoupling Analysis of Carbon Emissions and Economic Development
We divided the study period into 1995-2001, 2001-07, and 2007-13 and used Eqs (2-4) to calculate an index for the decoupling of per capita carbon emissions and carbon intensity during 1995-2013 in the low-carbon pilot provinces. Table 4 illustrates the decoupling by type of economic development and carbon emissions: As Table 4 shows, carbon emissions in all pilot provinces grew less than economic growth during 1995-2001. Most provinces exhibit weak decoupling of carbon emissions and economic growth. Only Shaanxi exhibits strong decoupling. The eastern coast of Hainan and Guangdong provinces stand higher in our decoupling index, and central Hubei and western Shaanxi rank relatively lower. Economic development increased carbon emissions mainly in the southeastern provinces. Only Shaanxi exhibits a negative relationship between economic development and carbon emissions. All pilot provinces rank relatively low in per capita growth of carbon emissions. The decoupling index is low and generally indicates weak decoupling, although Shaanxi exhibits strong decoupling. Economic development and per capita carbon emissions were more harmonious during the period. All pilot provinces display negative growth in carbon intensity. Carbon intensity per unit of GDP decreased, and economic quality improved steadily.
Over 2001 to 2007, growth in carbon emissions accelerated, outstripping economic growth in the pilot provinces. Our decoupling index reveals weak decoupling only in Guangdong and Liaoning. This period coincided with the Great West Development Strategy in China. Growth in carbon emissions among the western provinces exceeded economic growth, and the decoupling index rises significantly from 1995 to 2001. Hainan, Yunnan, and Shaanxi reveal expansive negative decoupling. This period overall reveals high economic growth and high emissions growth except in Liaoning and Guangdong, where economic development turned the environmental situation grim.
The index demonstrates weak decoupling for per capita carbon emissions except in economically developed Guangdong and Liaoning. Less-developed Shaanxi, Yunnan, and Hainan display expansionary negative decoupling as a result of uncoordinated economic and environmental development.
Carbon intensity declines only in Guangdong, Liaoning, and Hubei. It is positive for all other provinces, indicating inefficient economic development.
During 2007-13, the growth in carbon emissions slowed in all pilot provinces and was dramatic in Liaoning, Hainan, and Hubei. The decoupling index also declined. All provinces exhibit weak decoupling during the period, and carbon emissions were controlled effectively. Environmental damage from economic activity diminished. Per capita carbon emissions declined from the previous period in all provinces. Strong decoupling is evident for Guangdong, Liaoning, and Hainan, and weak decoupling is evident for all other provinces. Growth in the intensity of carbon emissions fell in all pilot provinces. The decoupling index stands below 0 for the period -evidence of strong decoupling. During 2007-2013, China implemented its transition to a low-carbon economy. Industries that were high carbon emitters were restricted, and the transformation from extensive to intensive economic development progressed.
Regression Analysis of the Impact of Economic Development on Carbon Emissions
To investigate how economic factors influence carbon emissions, we employed multiple linear regression. As per the extended STIRPAT model in Eq. (7), we selected carbon emissions as the dependent variable and population size, per capita wealth, technological progress, urbanisation, industrial structure, and policy effects as independent variables. To test for the presence of the Environmental Kuznets Curve, we added the squared value of wealth as an independent variable. Because multiple regression requires independent variables, we first used least squares to fit Eq. (7). We then tested for correlation among independent variables. The results are shown in Table 5 . It is evident that the maximum value of the variance inflation factor exceeds 10 and that the average value exceeds 1. A serious multilinear relationship exists among independent variables, rendering estimation by ordinary regression unsuitable. To overcome multicollinearity, we introduced ridge regression to estimate Eq. (7). Ridge regression resolves multicollinearity among variables by adding a nonnegative factor (K) to align the coefficient with the regression equation. After multiple simulations, we found that ridge regression tends to be stable when K is 0.03 for Guangdong, 0.02 for Liaoning and Hubei, 0.05 for Shaanxi, 0.07 for Yunnan, and 0.08 for Hainan. Coefficients of the model variables appear in Tables 6 and 7 . Table 6 shows that independent variables exhibit goodness of fit at 0.01 confidence and are reliable for assessing the effect of economic factors on carbon emissions via ridge regression. Table 7 shows the maximum value of each variance inflation factor as below 10 and eliminates multicollinearity. The coefficient of independent variables in Table 7 shows that population most affects carbon emissions in Shaanxi (coefficient 6.41) and least affects emissions in Hubei although the effect is not significant. The explanation is that Hubei belongs to the central rural labour force, a large population in perennial eastward migration for work. This floating population does not increase the province's carbon emissions and might reduce them. Population has a larger influence in Liaoning, Yunnan, and Hainan. The impact of urbanisation on carbon emissions is significant except in Hubei, which has turned to clean energy (natural gas, water, and electricity), reducing dependence on coal.
The greatest impact appears in Liaoning, where carbon emissions rise by 2.12% when urbanisation rises by 1%. A greater impact also is evident in Yunnan (coefficient 1.61). Economically undeveloped Yunnan started at a low base of urbanisation, and rapid urbanisation accelerated carbon emissions. Urbanisation exerted a small influence on carbon emissions in Guangdong (coefficient 0.42). Urbanisation in Guangdong started from a higher base and growth was comparatively slow, rendering its effect on carbon emissions less prominent. Overall, urbanisation is the presiding influence on carbon emissions. Developing a low-carbon economy requires addressing carbon emissions arising from urbanisation.
Per capita wealth is significant at 0.01. It exhibits its greatest impact on carbon emissions in Hubei, where per capita wealth rose by 1% and carbon emissions by 0.80%. Hubei is the backbone of China's efforts to implement the rise of central force policy, and rapid increases in per capita wealth entail greater energy consumption. With an energy structure dominated by coal, that wealth means higher carbon emissions. The wealth effect on carbon emissions is also great in Yunnan, where a 1% increase raises carbon emissions by 0.57%. Yunnan is a tourist province developing a consumer economy. Rising wealth stimulates consumption, which promotes expanded production and therefore energy consumption and carbon emissions. Per capita wealth exerts a minimal effect on carbon emissions in Guangdong. It is an economically developed province with high per capita income and a population aware of environmental protection. Therefore, its wealth effect on carbon emissions is little.
Only Hubei and Liaoning exhibit a negative wealth effect as measured by the squared coefficient of wealth. The Environmental Kuznets curve is evident there but not in the other pilot provinces.
The coefficient of energy intensity is significant for all pilot provinces except Guangdong. It is largest for Yunnan, where a 1% increase in energy intensity raises carbon emissions by 1.68%. Hainan ranks second at 1.61%. The coefficient is only 0.45 in Liaoning. The effects of energy intensity are insignificant for Guangdong.
The impact of industrial structure on carbon emissions is significant at 0.01, and coefficients for all provinces exceed 1. It affects carbon emissions significantly. Industrial structure exerts the greatest influence on carbon emissions in Hubei, where a 1% alteration in industrial structure alters carbon emissions by 7.90%. Guangdong ranked second (coefficient 7.26), followed by Shaanxi (coefficient 4.98) and Hainan (coefficient 4.83). Industrial structure exerts the greatest effect on carbon emissions in all provinces, making it the critical factor in controlling carbon emissions. Fig. 3 . Expenditures on industrial waste gas treatment facilities a) and investment in treatment of industrial waste gas b) in China's low-carbon pilot provinces.
The policy factor inhibits carbon emissions in Liaoning, Hubei, and Hainan, and is insignificant elsewhere. Environmental policy suffers a time lag before taking effect. China initiated its low-carbon pilot policy in 2010, and assessing its effectiveness requires a longer period of observation. However, we also must understand that provinces are motivated to participate in low-carbon pilot projects to obtain development opportunities. If local low-carbon investment and promotion impair economic growth, local leaders might shun the investment required by these initiatives. Fig. 3 indicates expenditures on facilities to treat industrial waste gas and investment in those facilities following 2010, the year carbon pilots were initiated. Expenditures in Hubei, Liaoning, and Hainan rapidly increased after 2010. Expenditures did not rise significantly in Shaanxi and Yunnan and declined in Guangdong. These findings may explain why pilot policies have been inhibiting only in Hubei, Shaanxi, and Yunnan. Four provinces show downwardly trending investment in treatment of industrial waste gas in 2010. Increases appear only in Hainan and Guangdong. In 2011, all pilot provinces began to increase investment. To some extent, the effectiveness of pilot policies is subject to the government's willingness to invest.
Following Eq. (8), we calculated how the coefficient of per capita wealth impacts carbon emissions. Results are in Fig. 4 . Per capita wealth and carbon emissions correlate negatively only in Liaoning and Hubei, where data support the Environmental Kuznets Curve. In other provinces, per capita wealth and environmental pressure share a positive linear relationship. Coefficients of elasticity in Yunnan, Hainan, and Shaanxi exceed 1, indicating that environmental consequences are sensitive to increases in per capita wealth. Environmental pressures are difficult to relieve in a short time in these pilot provinces.
To further evaluate the robustness of regression results, we applied substituted variables in Eq. (7). We replaced carbon emissions with energy consumption and energy intensity with carbon intensity. Reusing ridge regression to estimate model (7), we obtained the results shown in Table 8 .
The model fit is good in Table 8 compared with Table  7 . Symbols of variable coefficient do not change certainly, nor are there obvious changes in the significance of coefficients for each variable. The regression results are robust.
Conclusions and Policy Implications
Rapid economic development raises carbon emissions, and escalating carbon emissions have intensified pressures for environmental governance in China. The government's initiation of low-carbon pilot projects was an important initiative in reducing carbon emissions, but few scholars have evaluated its effectiveness. This study has addressed that deficiency in the literature by analysing the relationship between economic development and carbon emissions in China's low-carbon pilot provinces. Its empirical results present the following conclusions.
First, China's low-carbon pilot programme has yielded progress as evident by downtrends in carbon emissions and carbon emission intensity. Carbon emissions and economic development are related closely in the lowcarbon pilot provinces. Intensity of carbon emissions and economic development correlate negatively, indicating that the pilot programme has reduced carbon emission intensity. However, energy consumption is higher in provinces struggling for economic development, so it is imperative to transform development. Second, economic development correlates positively with carbon emissions in low-carbon pilot provinces. Our decoupling analysis indicated that rapid economic growth increases carbon emissions. Empirical results established weak decoupling in developed provinces, but lessdeveloped provinces experienced an evolution from weak decoupling to expansionary negative decoupling to weak decoupling. Since China implemented its low-carbon pilot policy, carbon emissions and intensity have declined significantly, especially in developed provinces, indicating that economic development influences the control of carbon emissions. Industrialisation and urbanisation are important for less-developed provinces, suggesting that carbon emissions will continue to increase with economic growth. It is necessary to improve industrial energy efficiency and suppress excessive urbanisation expansion.
Third, industrial structure and population size significantly affect carbon emissions, and regional differences are evident. In Guangdong, industrial structure, population size, per capita wealth, and technological progress are the key to promoting reductions in carbon emissions. Population and industrial structure exert the greatest effects on carbon emissions in Liaoning. The squared coefficient of per capita wealth is negative, confirming the Environmental Kuznets Curve, yet the coefficient of energy intensity is positive, indicating an obvious effect of technological progress on carbon emissions. In Hubei, Shaanxi, Yunnan, and Hainan, industrial structure and population exert a greater impact on carbon emissions. For most pilot provinces, per capita wealth and carbon emissions display a linear relationship, indicating no evidence of the Environmental Kuznets Curve.
As the world's largest emitter of greenhouse gasses, China's carbon emissions and its contributing factors are of international concern. The relationship between carbon emissions and economic development in low-carbon pilot provinces opens a window to further observe China's carbon emissions reduction. Our results can inform China's future carbon emissions policy. China's provinces have developed unevenly and have large differences in carbon emissions. So long as economic development remains a priority, carbon emissions will rise. Nonetheless, our findings suggest that China's low-carbon pilot policy is effective in reducing carbon emissions and carbon intensity.
Our findings highlight that low-carbon initiatives should be based on the regions' actual conditions and that low-carbon strategies should be implemented gradually. We advocate the following policy framework.
First, we found that regional economic performance and development strategies relate closely to carbon emissions. Following the implementation of low-carbon pilot projects, carbon intensity declined significantly in economically developed Guangdong and the tourist provinces of Yunnan and Hainan. In general, the greater the economic development, the lower the carbon intensity. Therefore, low-carbon initiatives should continue to promote provincial economies. China's other tourist regions may learn from the experience of Yunnan and Hainan by developing green tourism, thereby reducing the proportion of heavy chemical industries in the national economy. Local governments should adhere to business services oriented, accelerating the transformation and upgrading of industrial structure, promoting clean production and green transportation and boosting lowcarbon development.
Second, population remains the central influence on China's carbon emissions. Notwithstanding slower population growth, a larger population base portends massive carbon emissions. Therefore, curbing population is important for reducing carbon emissions. Familyplanning policies have accelerated the greying of China's population and those policies will likely be liberalised. Our results suggest that a moderate family-planning policy is beneficial for reducing carbon emissions. Moreover, we note that China's population growth may be concentrated in rural areas after the family-planning policy is liberalised (most townsfolk are unwilling to bear more children because of the high cost of raising families). The rural populace is generally less educated and less aware of environmental protection; hence, governments need to increase investment in rural education to enhance villagers' environmental awareness.
Third, our results reveal that industrial structure significantly influences emissions in pilot provinces. Carbon mitigation requires adjusting the industrial structure. Given that carbon emissions arise mainly from industry, local governments need to phase down heavy chemical industries and improve the ratio of service businesses. All levels of governments should boost investment in science and technology to speed product innovation, abating industrial carbon emissions. Industries must reduce energy consumption and enhance energy efficiency in every way.
Fourth, emissions in Guangdong are mainly driven by the industrial structure and population. Therefore, lowcarbon initiatives should seek to adjust industrial structure by importing high-tech industries, reducing resourcedependent industries, reducing the proportion of heavy industries, and reversing the low proportion of services. Governments should moderate population growth and inflows, certify low-carbon products, and promote lowcarbon lifestyles.
Carbon emissions in Liaoning are mainly affected by the population, industrial structure, and urbanisation. As an old industrial base with a large population, it needs to restrain population growth, accelerate industrial upgrading, improve energy efficiency, and invest in technology to reduce energy consumed in the production of industrial products.
Low-carbon initiatives in Hubei should emphasise adjusting the industrial structure and improving energy efficiency. Industrial restructuring should focus on heavy chemical industries, using its mid-regional location to develop logistics, transportation, and e-commerce. Enterprises should take advantage of numerous research institutions to develop and enhance technologies to reduce energy consumption. Governments should support education to improve the population diathesis and enhance their environmental awareness.
Population and industrial structure govern carbon emissions in Shaanxi. Policymakers need to control population size and alter the province's coal-dominated energy structure. Shaanxi has abundant tourism resources. Local government should focus on tourism to drive the expansion of the service sector. Home to numerous scientific institutes, Shaanxi should build high-tech industrial parks, further improving energy efficiency.
Yunnan's needs are to control population growth, adjust its industrial structure, and improve education to strengthen the residents' low-carbon awareness. Yunnan should continue to expand tourism, focusing on the flower industry, health tourism, border trade, and other services.
Hainan needs to optimise its industrial structure and inhibit population growth. Local governments invest more in tourism, gradually raising the proportion of services in its industrial structure. Policymakers must consider population control, especially excessive population inflows, to depress carbon growth caused by a population explosion.
